The carbon dioxide laser operates at a wave length of 10.6 ,u in the far-infrared. With this wave length it is possible to perform highly hemostatic and precise surgery. The function is essentially due to its thermal effect. As far as function is concerned, the laser surgical unit closely resembles the electrosurgical unit. This paper intends to point out the differences be tween the two.
Materials and Methods
We divided our experiments into two groups: 1) Morphological studies with optical micro scope and electron microscope.
2) Temperature measurements with the non contact infrared thermometer, microthermistor and thermograph.
The following devices were used in the experi ments:
Carbon dioxide laser surgical unit: The trade name of the device used is Mochida Luketron Medilaser Type 3: Model MEL-442 (Fig. 1 
1) Morphological studies
The cortex of the brain and the spinal cord of the cat were coagulated both with the laser surgical unit and the electrosurgical unit. The chosen output power of the laser was between 0.3 W and 2 W, with which small vessels on the surface of the cortex and the spinal cord can be coagulated.
Immediately after coagulation, the specimens were fixed with glutaraldehyde and osmic acid for study with the electron microscope and, after sacrificing the animal, they were fixed with 10° formalin and stained with hematoxylin and eosine for study with the optical microscope.
Vaporization of experimental brain tumors and human brain tumors was performed at outputs between 15 W and 60 W. 
2) Temperature measurements
The temperature at the focus of the laser beam was measured with the non-contact in frared thermometer which was connected to the polygraph for recording (Fig. 2) .
The temperature gradient of the tissue surface surrounding the focus was measured with the thermograph (Fig. 4) , recorded in analog pat tern (Fig. 5A, 513 ) and printed out in digital form (Fig. 6A, 6B ).
The temperature within the tissue adjacent to the focus was measured with the microthermis tor ( 
Results
The extent of the lesions produced on the brain surface of the cat by the methods men tioned above is shown in Table 1 .
1) Morphological Studies
The lesions produced by the laser on the surface of the brain or spinal cord consist of three layers namely, starting from the surface: a charred layer, 10-20 µ thick; a honeycomb structure layer produced by the bursting of the tissue fluid or by acute dehydration and about 20-30 µ wide; a layer of edema, 250-300 µ thick (Figs. 8, 9 ). Whether the honeycomb structure is observed or not depends upon the output power. When the tissue is coagulated with an output power as low as 5 W or less, no honey comb structures is observed (Fig. 10) . Hematoxylin-Eosine staining. It should be pointed out that the extent of the lesions is surprisingly small, considering the fact that the site of the focus was vaporized at a temperature of as high as 1,500°C. Observation by optical and electron microscopes revealed that the tissue remained intact at a point 1 mm from the focus (Figs. 8, 9 , 11, 12A, 12B). Fig. 14 Vaporization of tissue is a unique feature of the laser. In contrast to the ordinary definition of vaporization; i.e. the conversion of a solid or liquid into a vapor without chemical change, the term is used in laser surgey to include chemical change because the tissue is completely burnt up, producing a certain amount of smoke. Tis sues are rapidly and hemostatically vaporized with a power output of more than 5 W (Figs. 9,  13, 14A, 14B) . The operator can precisely va porize tissues to the desired degree by adjusting the output power and exposure time. Switching between vaporization and coagulation can easily be accomplished by selecting between focused and defocused beams, respectively. The diam eter of the lesions corresponds to that of the laser beam focused on the tissue.
On the other hand, the lesion produced b,, monopolar electrocoagulation is considerably larger than by laser photocoagulation.
As shown in Table 1 , the diameter on the cortical surface measures as much as 4.5 mm which is larger than the tip of the coagulation forceps. The width of the necrosis and the edema layer is twice as large as that produced by laser photo coagulation (Fig. 15 ).
In comparison with monopolar coagulation, the lesion produced by bipolar coagulation is much smaller than expected. The diameter is confined to the distance between the two legs of the bipolar electrodes (Fig. 16A) . But, within the scope of our experiments, the depth of the necrosis is proportionate to the output power and the duration of the current (Fig. 16B) . 2) Temperature measurements In the experiment on the brain tissue of the rabbit, the temperature at the focus of the laser beam with an output power of 15 W showed 1,500CC (Fig. 2) . The temperature at the focus depends upon the material lased. For example, when a slate is lased, the temperature rises up to 2,500,C and for bone, the temperature is in termediate between that of the slate and with soft tissue.
The temperature within the tissues was meas ured with a microthermistor specially made for this purpose (Fig. 7) . The temperature at a point 1 mm from the focus of the laser beam in the brain of a rabbit showed a maximum rise of 10` C with an output power of 15 W and a lasing time of 2 sec. The temperature rose immediately, reaching peak value in 2 sec, but it took about 30 sec to drop down to the previous level (Fig.  17) .
In muscle tissue, the temperature rise was between 6 and 8°C with an exposure time of 1 sec (Fig. 18) .
On the other hand, it proved to be rather difficult to evaluate the results of temperature measurements with the electrosurgical unit. The extent of the lesion varied according to the power output and the duration of the current. Thus, the distance from the margin of the lesion to the sensitive prove of the thermistor varied according to each condition. As a result, the temperature often scaled out on the polygraph if the lesion expanded to surround the probes (Figs, 19, 20, 21) . On the contrary, if the dis tance was too great, the temperature remained unchanged. Considering the results mentioned above, we placed the tips of the coagulating forceps at a point 3 mm from the proves of the thermistor.
The power output was calibrated to be 2 W, high enough to coagulate the cortical arteries and veins. In monopolar coagulation, the polygrams were superimposed with the electrical noise. The rise and fall of temperature occurred rapidly. The temperature curve was triphasic, i.e. if the current was applied for 2 sec, the temperature immediately rose to its initial high peak, then started to drop rapidly immediately after switch ing off the current, reaching its lowest point below the previous level within 1 sec. But the overshooting was restored to the previous level within 1 sec and the temperature rose again to the second peak 1 sec later. Then the curve dropped very slowly to the previous level. The curve extended over 23 sec (Figs. 19, 20) .The maximum rise of temperature was indicated directly on the thermometer scale (Fig. 3) which showed 18°C in the brain tissue of the rabbit (Fig. 20) .
In bipolar coagulation, the temperature curve was monophasic. The rise and fall occurred rapidly within 3 sec followed by a very slow decrease to the previous level, taking 23 sec in all (Fig. 21) . The maximum increase in temperature was 2.5°C with an output of 2 W.
The temperature gradient from the focus to the surrounding tissue on the surface of the cortex of the rabbit was recorded with a ther mograph (Fig. 4) . As shown in Figs. 5A , 5B, 6A and 6B, the temperature gradient is very steep with lasing, but gently sloping with monopolar coagulation.
These results show that laser action is highly restricted in comparison with elec trocoagulation from the viewpoint of thermal effect. These results also agree with the mor phological studies. 
Discussion
With respect to the nomenclature for surgical devices, there is some confusion among authors. Some prefer such terms as laser knife, light knife or laser scalpel. On the other hand, there are many words for the electrosurgical unit, e.g. electroknife, electroscalpel, radioknife, Bovie, electrocautery, surgical diathermy, etc. Strictly speaking, the term "knife" or "scalpel" in dicates a tool used only for cutting, and the term "coagulator" or "cautery" indicates a tool em ployed only for thermal coagulation. In 1928, Cushing and Boviel) used the term "elec trosurgical unit" in their paper. As a matter of fact, this device is used in three ways: cutting, coagulation and blending (simultaneous cutting and coagulation). Therefore, the term "elec trosurgical unit" seems to be the most appro priate word for this device. Thus, "laser surgical unit" is considered to be a better term than "laser knife" and "laser scalpel ."
There are various kinds of lasers available today, the wave lengths of which cover spectra from ultraviolet to infrared. Physical and biomedical qualities differ widely depending upon the wave length. Among them, the carbon dioxide laser is the most promising device as a surgical unit.
The laser beam with a wave length of 10.6 y is completely absorbed by water. Since all tissues contain a certain amount of water, this laser beam can be absorbed by any tissue without staining it. This is one of the most important reasons why the carbon dioxide laser is used as a surgical knife and a coagulator.
In neurosurgery, an output power ranging from 0 W to as high as 70 W is needed. Selection of this output power should be precisely con trollable. Considering these conditions, the car bon dioxide laser can be characterized as well qualified as a neurosurgical instrument.
Stellar' °) has studied the biomedical qualities of the carbon dioxide laser and described its action as "gentle." This seems to appropriately express the main feature of the carbon dioxide laser, because "gentleness" is a prerequisite for neurosurgery. Precise surgery can be gently per formed under an operating microscope es pecially developed for laser surgery (Fig. 22) .
The highly hemostatic quality of the carbon dioxide laser is particularly useful to control bleeding from parenchymatous organs and highly vascularized tumors such as meningioma. Gonzalez, et al .3) reported that the blood loss encountered during electrocoagulation of the free edge of the liver of dogs was five times more than that during laser radiation. He also re ported that the average time required to control bleeding in the subcapsular lesion by elec trocoagulation was 14 times longer than that for complete hemostasis by laser radiation.
On the other hand, Filder, et al .2) reported that the CO2 laser had significantly superior hemostatic qualities while cutting the liver of dogs when compared to the Bovie (p<0.025) and conventional knife methods (p < 0.00 1), but there was no significant difference in the time taken to achieve hemostasis in the laser and Bovie groups.
Hal16) stated in his paper on animal experi ments that when the hepatic vessels were clamp ed during incision, the total hemorrhage from the liver was reduced 40% by diathermy and 85% by laser compared with the scalpel control.
In our experiment on glioblastoma induced by methylcholanthrene and transplanted into the subcutaneous tissue of C-57 black mouse, we encountered no bleeding from the tumor during vaporization (Figs. 13, 14A, 14B) .
In our clinical experience with some brain tumors such as meningioma, ependymoma and It is particularly helpful in the surgery of brain tumors because of its highly hemostatic quality. Operators can minimize blood loss and operat ing time by utilizing the laser. Moreover, they are assured of highly precise surgery under the operating microscope specially developed for the laser. However, unless devices presently in use are satisfactorily improved, the laser surgical unit cannot completely replace the electrosurgical unit.
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